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Limited Warranty

Sensoray Company, Incorporated (Sensoray) warrants the Model 621/721 hardware to be free from
defects in material and workmanship and perform to applicable published Sensoray specifications for
two years from the date of shipment to purchaser. Sensoray will, at its option, repair or replace
equipment that proves to be defective during the warranty period. This warranty includes parts and
labor.

The warranty provided herein does not cover equipment subjected to abuse, misuse, accident, alteration, neglect,
or unauthorized repair or installation. Sensoray shall have the right of final determination as to the existence and
cause of defect.

Asfor items repaired or replaced under warranty, the warranty shall continue in effect for the remainder
of the original warranty period, or for ninety days following date of shipment by Sensoray of the
repaired or replaced part, whichever period is longer.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly marked
on the outside of the package before any equipment will be accepted for warranty work. Sensoray will
pay the shipping costs of returning to the owner partsthat are covered by warranty.

Sensoray believes that the information in this manual is accurate. The document has been carefully reviewed for
technical accuracy. In the event that technical or typographical errors exist, Sensoray reserves the right to make
changes to subsequent editions of this document without prior notice to holders of this edition. The reader should
consult Sensoray if errors are suspected. In no event shall Sensoray be liable for any damages arising out of or
related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, SENSORAY MAKES NO WARRANTIES, EXPRESS OR IMPLIED,
AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. CUSTOMER'S RIGHT TO RECOVER DAMAGES CAUSED BY FAULT OR
NEGLIGENCE ON THE PART OF SENSORAY SHALL BE LIMITED TO THE AMOUNT THERETOFORE
PAID BY THE CUSTOMER. SENSORAY WILL NOT BE LIABLE FOR DAMAGES RESULTING FROM
LOSS OF DATA, PROFITS, USE OF PRODUCTS, OR INCIDENTAL OR CONSEQUENTIAL DAMAGES,
EVEN IF ADVISED OF THE POSSIBILITY THEROF

Special Handling I nstructions

The Model 621/721 circuit board contains CMOS circuitry that is sensitive to Electrostatic Discharge
(ESD).

Specia care should be taken in handling, transporting, and installing the model 621/721 to prevent ESD
damage to the board. In particular:

? Do not remove the circuit board from its protective anti-static bag until you are ready to configure
the board for installation.

Handle the circuit board only at grounded, ESD protected stations.
Remove power from the PCI system before installing or removing the circuit board.
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1. Introduction

The Sensoray model 621/721 is a 72 channel digital I/O card. The features include:

72 digital 1/0 channels.

NN ) N

64 channels have edge detection and interrupt capability.
8 channels have input latch and output enable capability.
64 1/0 channels are grouped in eight blocks of eight channels. 8 1/0 channels are grouped in two

blocks of four channels. Each block may be programmed as inputs or outputs.
Model 621 isa PCI card, while model 721 isa Compact PCI card. Aside from differences in their target

platforms and board layouts, these two products are identical.
The 621/721 is powered from the 5V supply of the system bus. No auxiliary power supplies are

required. Low power circuitry is used to minimize system power consumption and enhance reliability.

A high-density connector on the card’s front panel is provided for connecting the 1/0 channels to

external circuitry. A solid state relay board (such as Sensoray model 720RB) may be used to facilitate

field wiring.
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2. I nstallation

The installation of the Model 621/721 into a PCl or Compact PCI systemis straight forward as no
specia adjustment (jumpers) are required. Follow the directions given in the 621/721 programming
guide.

3. Reset

After asystemreset or at power up the 621/721 isin its default state:

Global interrupt enable (GIE) is disabled

Channel interrupt enables are disabled

Event capture enables are indeterminate

Edge polarity selections are indeterminate

All I/O channels are all set to input mode

Output registers are indeterminate

Channel 64 through 71 are set to simple 1/0O mode (no latching/output enable)
Light emitting diode ‘D1’ will be on (controlled by LOE hit, which is set to zero).

.\) .\) .\) .\) .\) .\) .\) .\)

4. Device and Vendor |dentification

Thisisthe information that identifies a 621/721 board in the PCI system.
DevicelD: 9050 Sub DeviceID: 6000
Vendor ID: 10B5 Sub Vendor ID: 0001

5. Digital 1/0O Interface

5.1 Overview

The 621/721 board provides 72 digital I/0O (DIO) channels. 64 of the channels have edge detection
capability, and eight channels have Input Latch and 3-state Output Enable capability.

DIO channels 0 to 63 are divided into eight groups of eight channels. Each group may be configured either as
inputs or outputs by programming the associated data direction register (DDR). These 64 channels have the
ability to detect and capture edge transition events. Each channel may be independently to capture either positive
or negative edges. A captured event may optionally generate an interrupt. -

DIO channels 64 to 71 are divided into two groups of four channels. Each group can be configured
either as inputs or outputs by programming its associated data direction register (DDR). In addition to
the standard DIO mode, a Latch/Output Enable (LOE) mode is available for channels 64 to 71. Setting
the latch enable register (LOE) enables this mode, which applies to all eight channels. The LOE mode
enables the DIO input signals (on channels 64 to 71) to be latched by asserting the LATCH signal; the
latched data may be read at any time. In addition, the outputs in this mode are tri-stated unless the user
assertsthe OUTEN input line.
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5.2 Registers
I/O bank 01/O port

Offset: 00 hex — Read/Write

31 30 29 28, 27 26 25 24 | 23 2 21 20 ;19 18 17 16 | 5 14 13 12,11 10 9 8 | 7 6 5 4, 3 2 1 0
I/O CHANNEL S0-31

I/0O bank 11/O port Offset: 04 hex — Read/Write

31 30 20 2827 2 25 24[23 22 20 20,19 18 17 16|15 14 13 12 ;11 10 9 8 |7 6 5 413 2 1 0

/O CHANNEL S 32-63

I/O bank 2 1/0 port Offset: 08 hex — Read/Write
0 20 2812 2 2 2B 2 0119 18 1 4 13 1211 10 7 6 5 413 2 1 0
x| XXX X[ X]X] x X X] x| X X[ X]X] x x| XXX X[ X] x| x 1/O CHANNEL S 64-71
Bank 0 edge captureflags Offset: 0C hex — Read onIy
30 29 28127 2 25 24|23 2 2 2119 18 17 16|15 14 13 12111 10 9 8 | 7 6 5 413 2 )
CAPTURE FLAGS CHANNEL S0-31
Bank 1 edge capture flags Offset: 10 hex — Read only
3 30 20 28,2 2 25 24|28 22 21 20,19 18 17 16|15 14 13 12,1 10 9 8] 7 6 5 4,3 2 1 0
CAPTURE FLAGS CHANNEL S 32-63
Bank O interrupt flags Offset: 14 hex — Read only
31 30 20 28! 27 2 25 24|28 22 2 20 !19 18 17 16|15 14 18 12111 10 o 8 |7 6 5 413 2 1 0
INTERRUPT FLAGS CHANNEL S0-31
Bank 1 interrupt flags Offset: 18 hex — Read only
31 30 29 {271 2% 25 24 |2 22 21 20119 18 17 1615 14 18 12111 10 9 8 |7 6 5 413 2 1 0

28 i

INTERRUPT FLAGS CHANNEL S 32-63

Bank 0 edge select register

Offset: 1C hex — Read/Write

31 30 29 28, 27 26 25 24 | 23

22

2 20,19 18 17 16| 15 14 13 12, 11 10

9 8] 7 6 5 4.3 2 1 o0

EDGE SELECT REGISTERS CHANNEL S0-31

Bank 1 edge select register

Offset: 20 hex — Read/Write

31 30 20 2827 2 25 24|23

22

21 20 | 19 18 17 16|15 4 13 12 |} 11 10

9 8] 7 6 5 413 2 1 o0

EDGE SELECT REGISTERS CHANNEL S 32-63

Bank 0 arm captureregister

Offset: 24 hex — Read/Write

31 30 29 28 ! 27 26 25 24 | 23

22

21 20 ! 19 18 17 16 | 15 14 13 12 ! 11 10

9 8[7 6 5 413 2 1 0

ARM CONTROL REGISTERSCHANNELS0-31

Bank 1 arm captureregister

28 hex — Read/Write

31 30 20 28127 2 25 24|23

22

2 20119 18 17 16| 15 14 13 12 1 11 10

Offset:

9 8] 7 6 5 413 2 1 0

ARM CONTROL REGISTERS CHANNEL S 32-63

Bank 0 mterrupt enableregister

Offset: 2C hex — Read/Write

31 30 29 28 | 27 26 25 24 | 23

22

21 20 , 19 18 17 16|15 4 13 12 ; 11 10

9 8[7 6 5 4,3 2 1 0

INTERRUPT ENABLE REGISTERS CHANNEL S0-31

Bank 1 interrupt enable register

Offsat: 30 hex — Read/\Write

31 30 29 28 | 27 26 25 24 | 23

22

21 2 ! 19 18 17

16 | 15 14 13 12 |11 10

9 8] 7 6 5 413 2 1 o0

INTERRUPT ENABLE REGISTERS CHANNEL S 32-63

Data direction/M |Sc/Statusreg|Ster Offset 34 hex — Read/Write

31 30 29 19 16
GIRQ ‘ ‘ X ‘ ‘ IRQ3 ‘ IRQ2 ‘ IRQl ‘ IRQO CAP3’ ‘CAPZ ‘CAPl ‘CAPO ‘ ‘ ‘ LOE ‘ GIE

15 14 13 12 | 11 10 9 8 7 6 5 4 I 3 2 1 0
DDR9 | DDR8 | DDR7 | DDR6 | DDR5 | DDR4 | DDR3 | DDR2 | DDR1 | DDRO

ARM X X X X X 68-71 64-67 56-63 48-55 40-47 32-39 24-31 16-23 8-15 0-7

Bits marked with an * areread only.
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5.2.11/0 Ports

Reading an 1/0O port returns either the input logic level (input mode) or the state of the output register
(output mode).

The DDR registers are used to set a particular 1/0 group to function as either inputs or outputs. The
DDR bhits affect the 1/0 channels as shown in the table below.

DDR9

DDRS8

DDR7

DDR6

DDRS

DDR4

DDR3

DDR2

DDR1

DDRO

CHANNELS

68-71

CHANNELS

64-67

CHANNELS

56-63

CHANNELS

48-55

CHANNELS

40-47

CHANNELS

32-39

CHANNELS

24-31

CHANNELS

16-23

CHANNELS

8-15

CHANNELS

0-7

If aDDR bit is set to zero the associated channels will be inputs. When a DDR hit is set to one the
associated channels will be outputs.

A channel’ s output register will be immediately output when a channel isfirst configured as an output.
To avoid unwanted output levels when configuring DIOs as outputs, preset the output registers (write to
the associated channels) with desired values before configuring as outputs.

Note: The values read and written to the |/O ports are true (i.e. not inverted).

5.2.2 Latch/Output Enable Mode
Latching and Output Enable is available on channels 64-71.

When the LOE hbit (bit 17) of the “ Data direction/Misc./Status’ register is set to one, LOE modeisin
effect. Inthis mode, data present on input channels 64-71 is latched into a holding register when the
LATCH input signal is asserted low. The host may read latched data at any time. Additionaly, output
channels are tri-stated while the OUTEN input signal is asserted high.

Note: Channels 64-71 behave as standard DI1Os when LOE is not set to one.

The light emitting diode ‘D1’ islinked to the LOE hit of the “Data direction/Misc./Status’ register. The
LED ison when LOE is set to zero, and off when LOE is set to one.

5.2.3 Edge Type Select Register (channels 0-63)

Input channels may be configured to detect either rising or falling edge transitions. Set the bitsin the
“edge select” to “ 0" to detect rising edges for the associated relay channels, or to “1” to detect falling edges.

5.2.4 Arming & Disarming Capture (channels 0-63)
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I nternal ARM Capture Regi ster

Bit 31 ] Bit 30 | Bit 1 ] Bit 0
Set [Reset | Set [Reset | | Set JReset]| Set JReset

J_D
LDLz_ A A A

I%% 2

Bit 156 | Bt 14 Bit 13 / Bit 31 | Bt 30 Bit 1 | BtO
ARM [ X X N Channel 31[ Channel 30| | Channel 1] Channel 0

AY
Data Direction/Msc./Status Register / I nternal ARM Cont rol Register
! /
Fiaure 2

A relay channel must be "armed" before it will capture a detected edge.

Aninternal ARM Capture register is used to arm or disarm edge capturing. A “1” in the corresponding
channel position will allow edge capturing while a“0” will disable edge capturing on that channel.

The host system does not have direct accessto thisregister. It iswritten to using the ARM Control register and
the* ARM” bit of the “ Data direction/Misc./Status’ register.

If ARM bit =“1": All channels whose corresponding bit in the ARM Control register isa“1” are
armed. Those channels with a“0” in the ARM Control register remain unchanged.

If ARM bit =“0": All channels whose corresponding bit in the ARM Control register isa“1” are
disarmed. Those channels with a“0” in the ARM Control register remain
unchanged.

See Figure 2 for a diagram of the process.

Reading the “* ARM Control” register accesses the internal ARM Capture register directly and will give
the current status of the register. A “0” means that channel is disabled while a“1” showsiit is armed.

If achannel is armed for edge capture and the same channel is set for output, a change in output level
could result in a captured event. Unless you want a “loop-back” event, a channel set for output should
have capturing disabled.

5.2.6 Edge Capture Flag Register (channels 0-63)

Each channel is associated with a one-bit capture register. The capture register is responsible for logging
the occurrence of a detected edge. When a selected edge occurs while capture is enabled, the associated
capture flag is set. All of the capture flags can be read through the edge capture flag port.

Note: before the capture register can log a detected edge, the channels capture register must be armed.
After capturing an edge, the capture register remains set until explicitly reset (cleared) by the host.

5.2.7 Clearing Captured Edges

Sometime after a captured edge is detected, it is necessary to reset the associated capture register. Thisis
accomplished by disarming the associated “arm capture’ register.
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6. Interrupts

6.1 Overview

I/0O channels 0-63 may be individually programmed to request interrupt service upon capture of a
selected edge. A channel must have its interrupt enabled before it will generate an interrupt in response
to a captured edge. When an interrupt occurs the interrupt service routine needs to check all of the
interrupt flags as there may be more that one pending DIO interrupt.

6.2 DIO Interrupt Enable/Disable

DIO channels may be individually programmed to request interrupt service upon capture of a detected
edge. Modify a channel’ s interrupt enable by writing a one to the corresponding interrupt enable
register. Set the associated bit in the Interrupt Enable register to zero or one to disable or enable,
respectively, the channel’s interrupt.

6.4 Global Interrupt Enable/Disable

Clearing this bit in the DDR/Misc. register will disable all interrupts simultaneously. Setting the bit will
allow enabled interrupts to generate a systeminterrupt. When GIE is disabled, interrupts are prevented
from reaching the PCI bus host, regardless of other Model 621/721 interrupt enable states (i.e. 1/0
channel interrupt enables). If interrupts are to be recognized, GIE must be enabled.

6.5 Interrupt Request Flags

A oneinthe Interrupt Flag register indicates that an interrupt has occurred on the associated channel.
6.3 Clearing an I nterrupt Request Flag

A channel’sinterrupt request flag is cleared by clearing its associated capture register. Thisis
accomplished by clearing the associated Arm Capture register. See the section Clearing Captured Edges.
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Appendix A: Specifications

General

Interface Parameter Description

Bus Type PCI/ Compact PCI, 32-bit, 33MHz

Address requirements I/O registers: 56-bytes memory address block, PCI configuration
registers require an additional amount.

/0 Input characteristics TTL/CMOS compatible.

Limits
Parameter Typical Min Max Units

/0 Output sink current 20 mA
Output source current 20 mA
Input current ?10 UA
Tota output current (all outputs) 500 mA
LATCH strobe pulse width 125 ns
OUTEN strobe pulse width 125 ns
Captured pulse width 100 ns
Transfer rate 8 MHz

Power Operating range +4.75 +5.25 V
Quiescent current 200 mA

Temperature Operating range 0 70 C

Appendix B: Accessories

Custom cables and breakout boards available for this product. Contact sales@sensoray.com or visit
www.sensoray.com for detalls.

The mating connector for models 621 and 721 is Robinson Nugent (www.robinsonnugent.com) part
number PSOE-080S-TG. The PCB-mounted connector is Robinson Nugent part number PSOE-080P-1-
SR1-TG. Thisconnector is used with 2 separate pieces of standard .100" ribbon cable, each containing
40 conductors.
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Appendix C: Connector Pinout

/ Arrow showspin 1
/

.
.
oU 4l
PIN FUNCTION PIN FUNCTION
1 GND 41 1/0 37
2 /00 42 1/0 38
3 /01 43 1/0 39
4 /02 44 1/0O 40
5 /03 45 /0 41
6 /04 46 1/0 42
7 /05 47 1/0 43
8 /06 48 /O 44
9 /107 49 1/0O 45
10 /08 50 1/0O 46
11 /09 51 1/0 47
12 /0 10 52 GND
13 /011 53 1/0O 48
14 /012 54 1/0O 49
15 /013 55 1/0 50
16 /0 14 56 /051
17 1/0 15 57 1/O 52
18 GND 58 /053
19 /0 16 59 /O 54
20 /0 17 60 1/0 55
21 /0 18 61 1/0O 56
22 1/0 19 62 1/057
23 1/0 20 63 1/058
24 1/021 64 1/059
25 1/0 22 65 1/0 60
26 1/023 66 1/0 61
27 1/0 24 67 1/0 62
28 1/0 25 68 1/0 63
29 1/0 26 69 GND
30 1/0 27 70 LATCH
31 1/0 28 71 1/0 64
32 1/029 72 1/0 65
33 1/0 30 73 1/0 66
34 1/031 74 1/0 67
35 GND 75 1/0 68
36 1/032 76 1/0 69
37 1/033 77 1/070
38 1/0 34 78 11071
39 1/035 79 OUTEN
40 1/0 36 80 GND
Figure 4
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Appendix D: Technical Support

For technical support contact Sensoray Company Inc.

Tel:  (503) 684-8005
Fax:  (503) 684-8164
Email: support@sensoray.com

Web:  www.sensoray.com
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